Background. Human papillomavirus (HPV) causes external genital lesions (EGLs) in men, including condyloma and penile intraepithelial neoplasia (PeIN). We sought to determine the incidence of pathologically confirmed EGLs, by lesion type, among men in different age groups and to evaluate the HPV types that were associated with EGL development.
Human papillomavirus (HPV) is known to cause external genital lesions (EGLs) in men, including condylomata acuminata, commonly referred to as condyloma or genital warts, as well as penile intraepithelial neoplasia (PeIN), which is believed to be a precursor to penile cancer [1] . While HPV-related condyloma is considered a benign lesion, the substantial economic and psychosocial burden of this clinical manifestation of infection cannot be overlooked. The incidence of penile cancer is increasing globally, with incidence rates in Brazil among the highest worldwide [2] and no routine screening tests available for penile cancer or the precursor PeIN lesions.
Studies of HPV-related EGLs have primarily been limited to condyloma and low-risk HPV genotypes 6 and 11, owing to the rarity of PeIN and the lack of long-term, prospective cohorts of men. Studies to determine the role of other high-or low-risk types in the etiology of these EGLs are similarly limited. A quadrivalent vaccine, offering protection against HPV genotypes 6 and 11 and high-risk HPV genotypes 16 and 18 , has been demonstrated as efficacious in men [3] but has not yet been approved for the prevention of penile cancer. This vaccine is also approved only for use in young men (ages 9-26 years); it is recommended by the Centers for Disease Control and Prevention for males ages 11-22 years and for high-risk males aged up to 26 years, but no HPV vaccine prevention options are currently available for men at older ages.
Further studies of the causative HPV genotypes of benign and precancerous lesions and the ages at which these lesions occur are necessary to inform development of prevention and screening strategies. Using the established HPV Infection in Men (HIM) study cohort, a multinational study of men across the life span from the United States, Brazil, and Mexico, we sought to determine the incidence of pathologically confirmed EGLs, by lesion type, among men in different age groups and to evaluate the HPV types that were associated with EGL development.
METHODS
The biopsy cohort was nested within the HIM study, a prospective, multinational study of HPV in >4000 men from Tampa, Figure 1 . Kaplan-Meier curves showing differences in cumulative incidence of external genital lesions (EGLs) over time, by age group. A, Any EGL. B, Condyloma. C, Suggestive of condyloma. D, Penile intraepithelial neoplasia. P values were determined using the log-rank test and denote differences across the entire follow-up period, by age group. Values < .05 are considered statistically significant.
Florida, Cuernavaca, Mexico, and Sao Paulo, Brazil. Details of HIM study participants and procedures are published elsewhere [4] . Men in the HIM study biopsy cohort were required to have ≥2 study visits, approximately 6 months apart, following implementation of the HIM study pathology protocol in February 2009 and prior to May 2013. At each clinic visit, men were examined under 3× light magnification by a trained clinician for the presence of EGLs. An exfoliated cell specimen was collected from the surface of each lesion, using a prewetted polyethylene terephthalate-tipped swab, which was stored in specimen transport medium (STM, Qiagen) at −80°C prior to DNA extraction and HPV genotyping. A tissue sample was also obtained from each lesion by shave excision. Excised tissue was placed in 10% buffered formalin and processed by the Dermatopathology Laboratory at the University of South Florida for histologic diagnosis by 2 independent pathologists. EGLs were categorized as condyloma, suggestive of condyloma, PeIN, or not HPV related, based on previously reported criteria [5] . PeIN lesions were further categorized as PeIN I (low-grade squamous dysplasia), PeIN II (moderate squamous dysplasia), PeIN II/III (moderate squamous dysplasia with focal high-grade dysplasia), and PeIN III (high-grade squamous dysplasia/carcinoma in situ).
A panel of 3 independent pathologists was convened to adjudicate discrepant diagnoses and to perform quality control of diagnoses for 10% of all biopsy specimens. All EGLs that appeared to be HPV related (ie, condyloma and PeIN) or had an unknown etiology on the basis of visual inspection were sent for HPV testing. Only lesions that were clearly not HPV related and had distinct features of other types of lesions, such as herpes simplex virus, pearly penile papules, and Molluscum contagiosum, were not sampled.
Shave excision specimens were fixed in formalin and embedded in paraffin. DNA was extracted from these formalin-fixed, paraffin-embedded specimens by using the QIAamp DNA FFPE Tissue Kit (Qiagen) according to the manufacturer's protocol, and genotyping was performed to detect HPV DNA, using an AutoBlot 3000H processor (MedTec Biolab) and the INNO-LiPA Genotyping Extra assay (Fujirebio), which detects 28 HPV genotypes classified as high-or low-risk, depending on their association with development of carcinoma (high-risk types: 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82; low-risk types: 6, 11, 40, 43, 44, 54, 69, 70, 71, and 74).
Statistical Methods
Demographic and sexual behavior characteristics were described for the men included in the HIM study biopsy cohort and those in the HIM study who were not included in the biopsy cohort (Table 1) . Age-specific analyses were conducted among men who developed an incident EGL within this cohort, stratified by age group, as follows: 18-30, 31-44, and 45-73 years.
An additional EGL category, "condyloma combined," was also created, which included all results for lesions diagnosed as either condyloma or suggestive of condyloma. For EGL incidence analyses, only the first acquired EGL was considered, and only men who tested negative for any EGL or a type-specific EGL at the biopsy cohort baseline were included. Time to a newly acquired EGL was calculated from baseline to the date of first EGL detection. Person-time incidence was calculated, and the 95% confidence intervals (CIs) were based on the number of events modeled as a Poisson variable for the total number of personmonths. Kaplan-Meier curves for EGL incidence were generated (Figure 1) , and the incidence of EGL over time across the 3 age groups was compared using the log-rank test. The cumulative incidence of developing an EGL within the first 12 months of follow-up was also estimated using the Kaplan-Meier method (Table 2) .
For genotype-specific analyses, all prevalent and incident lesions were included. In addition to specific HPV types, infections positive for ≥1 type were included in the any HPV group, those positive for ≥1 high-risk HPV type were included in the high-risk HPV group, and those positive for ≥1 low-risk types were included in the low-risk HPV group. Independent analyses were conducted for high-risk and low-risk infections. Additionally, EGLs that were positive for ≥1 high-risk type and ≥1 low-risk type were included in the HR/LR HPV group.
In light of the recent evidence highlighting the efficacy and safety of an investigational nonavalent HPV vaccine that offers protection against HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 [6, 7] , we also explored the relative contribution of these 9 types and the 4 types of the currently licensed vaccine to EGL development in men. EGLs for which DNA from the tissue biopsy specimen contained ≥1 of the quadrivalent vaccine types (HPV 6, 11, 16, or 18) were included in the quadrivalent vaccine group. Specimens that were positive for ≥1 of the nonavalent HPV vaccine types (6, 11, 16, 18, 31, 33 , 45, 52, or 58) were included in the nonavalent vaccine group.
All participants provided written informed consent. Study protocols were approved by the institutional review boards at the University of South Florida (Tampa), the Ludwig Institute for Cancer Research and the Centro de Referencia e Treinamento em Doencas Sexualmente Transmissveis e AIDS (Sao Paulo), and the Instituto Nacional de Salud Publica (Cuernavaca).
RESULTS
The HIM study biopsy cohort included 2754 men ages 18-73 years (median age, 32 years). In general, the majority of participants were <45 years of age, white, non-Hispanic, had ≤12 years of education, had never smoked, and were uncircumcised ( Table 1 ). The median length of follow-up for men in the biopsy cohort was 12.4 months (interquartile range, 6.9-19.2 months). Within this cohort, a total of 377 EGLs in 228 men were pathologically confirmed. Of these, 198 men developed an incident EGL during the period of the biopsy cohort. These EGLs were primarily diagnosed as condyloma (n = 158) or suggestive of condyloma (n = 124), with PeIN lesions composing a smaller percentage of the overall diagnoses (n = 14).
Overall, the 12-month cumulative incidence of any EGL was higher among men <45 years of age (4.8% and 5.4% among men aged 18-30 and 31-44 years, respectively, and 2.6% among men aged 45-73 years; P = .030 across the entire follow-up period). The incidence of EGLs also varied by pathological diagnoses: 2.8 cases/100 person-years versus 0.2 cases/100 person-years for condyloma combined and PeIN, respectively. The 12-month cumulative incidence for the condyloma combined category decreased with age (3.8%, 3.4%, and 1.7% for ages 18-30, 31-44, and 45-73 years, respectively; P = .021 across the entire follow-up period). The 12-month cumulative incidence of PeIN also appeared to decrease with age, although this trend did not reach statistical significance over time (0.4%, 0.1%, and 0.0% for ages 18-30, 31-44, and 45-73 years, respectively; P = .238 across the entire follow-up period; Table 2 and Figure 1) .
Overall, 291 (77.2%) of the total 377 EGLs identified in this study were HPV positive by INNO-LiPA (Table 3) . High-risk genotypes were detected in 59 (15.6%) of EGLs, and low-risk types were detected in 276 (73.2%) of EGLs. Low-risk HPV types, predominantly HPV 6 and HPV 11, were detected primarily in lesions diagnosed as condyloma (79.7% tested positive for low-risk HPV, 49.4% tested positive for HPV 6, and 31.0% tested positive for HPV 11) or suggestive of condyloma (75.8% tested positive for low-risk HPV, 57.3% tested positive for HPV 6, and 18.5% tested positive for HPV 11). In contrast, high-risk e Although the initial cohort included 2754 men, 28 men with prevalent EGLs were excluded in this analysis.
f Specified as the number of cases per 100 person-years.
g Determined using the log-rank test and correspond to overall differences in EGL incidence across the entire follow-up period, by age group. Values < .05 are considered statistically significant.
HPV types were only detected in 8.2% and 13.7% of EGLs diagnosed as condyloma or suggestive of condyloma, respectively ( genotypes. HPV 16 was found in 8 (57.1%) of the PeIN specimens. In contrast, low-risk types were only found in 50% of PeIN lesions (14.3% were positive for HPV 6, and 28.6% were positive for HPV 11; Table 3 ). While low-risk types were mainly found in PeIN lesions as coinfections with a high-risk genotype, HPV 6 was found as a single infection in 1 PeIN III lesion, and HPV 11 was found as a single infection in 1 PeIN I lesion (Table 4 ). All PeIN lesions were diagnosed in men <45 years of age, with 8 located on the penile shaft (Table 4) . Two incident PeIN lesions contained only HPV types not targeted by either the quadrivalent or the nonavalent vaccine (HPV 39, 51, 68, and 73).
DISCUSSION
In this study, younger men (<45 years old) had the highest risk of developing an EGL, with the incidence of condyloma significantly decreasing with age. However, the EGL incidence did not fall to 0 among men aged 45-70 years, indicating that men remain susceptible to acquiring new HPV-related EGLs throughout the life span. The occurrence of PeIN only among those younger than 45 years is consistent with the concept that these lesions are precursors to penile cancers, which are primarily diagnosed in men ≥60 years of age [8] .
Our primary HPV genotype-specific findings for condyloma and PeIN are consistent with previous literature reports: condyloma is primarily caused by low-risk types such as HPV 6 or 11 [9, 10] , while PeIN is primarily associated with high-risk types, particularly HPV 16 [11] . However, it is of interest to note that 2 PeIN lesions in our study contained only a single low-risk genotype (HPV 6 or 11). The lone presence of a genotype that is generally considered nononcogenic in these precancerous lesions is consistent with prior published results in which other types of high-grade precancerous anogenital lesions, albeit rarely, were exclusively associated with a single low-risk HPV type [12, 13] . Further research is needed to rule out the possibility of low viral load presence of high-risk HPV genotypes and the clinical significance of HPV 6-related PeIN III, if indeed the lesion was caused by this HPV type.
A moderate increase in protection against EGLs in men is predicted with the nonavalent vaccine, compared with its quadrivalent counterpart, with an additional 4.5% of HPV-positive EGLs in this study harboring ≥1 of the 5 genotypes (HPV 31, 33, 45, 52, or 58) not included in the quadrivalent vaccine. The quadrivalent vaccine has demonstrated long-term immunogenicity in women against vaccine-related HPV and subsequent disease [14, 15] , but similar studies have not yet been performed in men, nor have any studies accrued sufficient follow-up from which to draw conclusions regarding protection across decades. The continuous risk of EGLs across all age groups in this study emphasizes the need to explore male vaccination at older ages and to ensure that vaccine-related immunity is retained across the life span of males.
Strengths of this study include the size and multinational nature of the cohort and the occurrence of study visits every 6 months to allow for early detection of lesions; in fact, as lesions suggestive of condyloma had a similar HPV prevalence and type distribution as those diagnosed as condyloma, these may have been diagnosed before they had a chance to fully develop to condyloma. This may have also prevented us from inadvertently excluding lesions that would have self-resolved over a longer period, enabling us to have a more complete understanding of all EGLs resulting from HPV infection. Another strength includes the use of biopsy tissue for genotyping, as the biopsy results have been shown to accurately reflect the HPV genotypes found within these lesions [5] . Potential limitations of this study include the small sample size for PeIN, owing to the rarity of this type of lesion. Differences in collection and diagnosis of lesions may have also varied between countries and pathologists, although the clinical procedures and the pathology panel were designed to minimize discrepancies. While the HPV prevalence in condyloma, particularly of low-risk types 6 and 11, was found to be ≥90% in a number of previous studies [2, [16] [17] [18] , differences may also be attributed to variations by sex, country (affecting circulating types), and DNA extraction and HPV genotyping methods. The data presented here are the first results from a large, prospective cohort of men with regard to development of EGLs by genotype and age, laying the groundwork for subsequent studies of other risk factors that may contribute to HPV-related lesion development among men. Ongoing collection of EGL specimens through the HIM study and other male and female cohort studies will likely continue to shape our understanding of the role of specific HPV genotypes in EGL development, including potential interactions between multiple types within a single lesion and the mechanism by which low-risk HPV types contribute to development of precancerous lesions.
Notes

